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(54) A gas detector 

(57) The detector comprises two sources 21, 22 of infra-red radiation and reflectors 23, 24 and filters 25, 26 to provide two 
oollimated beams of different frequencies which are combined 26. The combined beams are split by beam splitter 27 so that 
part passes to a compensation detector 29 and part is passed through a sample of gases which are being examined. A 
retro-reflector 32 returns the gas along the same path 31 through the beam splitter 27 and onto a measuring detector 34. 

The filter 25 allows the transmission of a narrow band of infra-red radiation which exhibits absorption by the gas to be 
detected. The filter 26, which may be part of the combiner, allows a waveband of infra-red radiation to pass which exhibits 
less absorption by the gas to be detected. The relative intensities of the components of the combined beam emerging from 
the sample are examined by the sensor 34 to produce an indication of whether the gas to be detected is present in the 
sample. 

A third source of infra-red radiation may be provided to facilitate the detection of a further gas (Rg. 3). 
The components of the optical system are housed in a moulded substrate and the mountings for the optical elements 
are provided on the substrate. 
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Operations can industrial sites such as ocjal mines, oil platfoois or 
disnical processing plants are depend^ cn ora:xtinuous nonitonng of 
the environment to provide early warning of the build-i?) of 
ccnibustible or toxic gases before dangerous levels are readied. 
Instruments for nonitcaring must be sufficiently nK|ged and robust to 
stand xsp to the harsh envixonment of such industrial sites. 

Tor gas or vapour detection in such operations, the selective 
absorption of electromagnetic radiation by the offending gases 
provides a basis of detection vMch has been applied in instrunent 
design. 

Ihe present invantion relates to an ^paratus for detecting a gas by 
selective absorption of optical radi at i o n. 

The present invaition also relates to a gas detector oonprising a 
substrate carrying an arranganait of <ptical elements. 

Gas detectors based on the optical absorption of radiation depend on 
using a narrow band of radiation centred on a frequency vdiich is 
identifiable with a strong abscaption in the absorption spectrum of 
the gas to be detected. Bie term "optical" is used to refer to 
radiation ranging between ultra-violet and infra-red. 

In one form of a gas measuring instrument, a radiation beam of a 
narrow waveband is passed alternately along an optical path 
througpi a gas mixture containing the gas to be detected and along a 
reference path \*ere the beam is not esqxjsed to the gas to be 
detected. The reference path may be throu^ a reference gas 
transparait to radiatirai of the particular waveband. Ihe absorption 
of the radiation by the gas to be detected can be derived fran the 
difference in the measured intensities of the beam passed along each 
optical path and hence the concentration of the gas can be 
determined. 



Olhe selection of alternate cjptical paths can be achieved either by 
mechanical means v^ch deflect the beam into the fixed sqarate 
optical pathS/ or by nedianical iteans, sudi as a rotor, ^Aiich 
successively present the gas to be detected and the reference gas 
to the beam of fixed frequency. 'Sbe reference gas may be contained 
in a tube vMch is an integral part of the rotor. An exanple of 
this type of arrangenient is described in UK Patent No. 1601233. 

A second type of <tetector iteasures the absorption of radiatixsn 
passed along a single fixed critical path through a mixture of gases 
containing the gas to be detected by successively passing a first and 
a second wave33and along the optical path. Ihe first waveband is 
centered on a frequency which eafliibits strong absorption by the gas 
to be detected, and the secoxi wavdaand is centered on a nearby 
frequency the absorption strength of vMch by the gas to be detected 
is known as a fraction of the absorption strength of the first 
frequency. The successive selectim of the first and second 
wavebands can be aciiieved by a rotating v*ieel, or otha: mechanical 
means, v*ich successively preso* bandrpass filters to the beam to 
successively select the first and second wavdands for transmission 
along the optical path. * 

!lhe need for novlng parts in the instruments described is a major 
limitation in the design of instrumHits to meet the environinaital 
requirements of industrial sites. This limitation ejplies to both 
fixed-location and also portable instruments. 

Previous attesipts to ovBroane the need for moving parts have 
involved two broad band sources with separate filters to select a 
mBasurement waveband corresponding to an absorption feature of the 
gas to be detected and a ref erajce band to v*u.di the gas to be 
detected is transparent. Radiation fran one source is re-directed 
by a beam splitter on to a ooranDn optical axis with radiation from 
the other source and thence onto a collimating lens from vtoich the 
collimated emergent beam transverses an open path wherein the gas to 
be detected is present. A reflector returns the radiation back 
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along the same path throu^ the oollimating lens and thereafter is* 
diverted by a beam splitter on to a detector. Ihe radiation beams 
are separately and differently modulated so that the detected 
radiation at the two wavelengths can be individually detected. 

In such an arrangenent both sources and detector must be placed 
close to the focus of the collimatiug lens or the foci as defined by 
the beam splitters. Bie optical efficiency of this system is 
limited by the overture of the collimating lens. For a practically 
sized lens, this limitation results in operating the sources at an 
appreciable power level, necessitating a cooling system for the 
equipnent and means to prevent oxidation of the metal elemaits of 
the sources ^ch impairs their emission. Biis is usually adiieved 
by filling the entire enclosure of the instrument with an inert gas 
Kflhich can lead to difficulties in servicing and adjusting the 
instrument. 

According to a first aspect of the present invention there is 
provided a gas detectx>r including an arrangement of optical elements 
ccffiprising a first source of electromagnetic radiation at a first 
waveband, a first collimator to collimate the radiation of the 
first source into a first collimated beam; a second source of 
electranagnetic radiation at a second wavdaand, a second collimator 
to collimate the radiation of the second source into a second 
collimated beam, a beam combiner to combine the first and the second 
collimated beams, means for passing tlie combined collimated beam 
throu^ a sample of gas including the gas to be detected, and a 
photosensitive detector for measuring the intensity of the caiibined 
beam emergent from the gas saitple. 

Preferably the first waveband is centred on a frequency which 
ejdiibits an absorption characteristic with the gas to be detected, 
and the second waveband is centred on a frequency vMch ©Khibits a 
different absorption characteristic with the gas to be detected. 
Preferably the absorption of the second waveband is a known ratio of 
the absorption of the first waveband. 
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Uie tem "ocaiibinlng the beams" is intended to refer to the aligrment 
of the beams on a o oi uul ji i optical axis. 

An or each oolliroator preferably oonprises a parabolic 
ref lectxar, still preferably an off-axis parabolic reflector, at or 
near the focal point of which is placed the source of radiation to 
be colliinated. Other concave-surfaced reflectors may be used to 
give sufficient focusing with finite sized sources and detectors. 
Multi-faceted reflectors may also be used. 

©le arrangeroent of optical elements is preferably located in a 
sealable enclosure, having a vdndow transparent to the radiation at 
the first and the second waveband frequencies ♦ Ihe radiation 
emergent from the gas sarrple is preferably reflected back into the 
enclosure ty a suitably placed reflector. The reflector is 
preferably a retro-reflector. 

It may be an advantage of the invention that the astibination, and 
any si±)seqaent splitting or combining of the beams will be effected 
on collimated beams and hence the distances betweoi the ocstbiners, 
splitters and sources are not critical. Furthermore, additional 
sources, each with a suitable filter, may be added in an optical 
sub-arrangemsnt to produce beams of electromagnetic radiation of 
additional wavebands whidi are then added to the combined collimated 
beam. 

An advantage of using a concave-surfaced reflector to produce a 
collimated beam of radiation may be that low power sources, for 
exanple minature filament bulbs, may be placed at or near the focal 
point of the reflector thus reducing the problem of heating effects 
produced by the source. 

According to a second aspect of the invention there is provided a 
gas detector ccsrprising a substrate carrying an arrangement of 
optical elements, inclxading at least one source of electromagnetic 
radiation and at least one photosensitive detector, \^ierein 
itDuntings for one or more optical elements are integrally moulded with 



- 5 - 



the substrate. 

In one form of the invention/ the optical elements include at least 
one reflector whicih oonprises a reflective coating deposited on a 
surface of the substrate, Bie reflective coating my be further 
coated in a protective layer, for exairple of magnesium fluoride or 
silicon Gxide. 

Preferably the substs^ate forms part of a sealable enclosure. 

Such a gas detector may have the advantage that the location and 
alignment of an or each of the cptical elements can be pred e te rm ined 
and fixed. !Ihis has advantages in the design of a rc±ust instrument 
ocmprising an arrangement of optical elements. FUrthencDre, the 
sealed enclosure can be readily filled vd.th an inert gas, or it may 
contain a dessicant to produce a dry gas by the removal of water 
vapour, or it may contain an absorbing material, to remove corrosive 
materials or interferent gases, such as for example carbon dioxide 
frtxn air. Only this enclosure need be filled vdth the gas or 
contain the dessicant or absorbing material, if all the optical 
oorrponents that may be vulnerable to the atmostdiere are contained 
th^ein. 

According to a further aspect of the present invaition there is 
provided a gas detector having the arrangenent of optical elenents 
descriJDed above, \dnerein mountings for the sources, the detector 
and the beam combiner are integrally moulded with a substrate 
fozming part of a sealable e:iclosure and, vAiere apprc^riate, the 
concave-surfaced reflectors ocsnprise reflective coating d^osited 
on preshaped surfaces of the substrate. 

A gas detector according to this aspect of the invention can 
provide an apparatus which is rc±ust and capable of withstanding the 
harsh environmait that may be encountered in the on-site detection of 
gases. Futhermore, the oonpact design and good optical efficiency, 
allowing low power sources to be used, are features particularly 
suited for a portable instrument. 



A preferred oribcxiiitent of the present invention will now be 
desaribed \dth reference to the accoaipaijying drawings; in T^hich 

Fig. 1 shows schenBtically an optical arrangement for a gas detector 
according to the present invention 

Fig. 2 shews schematically a znodification of the arrangement shown in 
Fig. 1 

Fig. 3 shows sdhematically a further itcdif ication of the arrangeroent 
shown in Fig. 1 inclxading an optical sub-arranganent 



Refering to Figure 1, this shows schestatically the optical 
arrangCTKit for a detector using tvro sources of radiation to provide 
two distinct wavebands to detect one gas. 

A first source 21 is placed at the focal point of a first off-axis 
parabolic reflector 23 and a second source 22 is placed at the focal 
point of a second off -axis parabolic reflector 24. OJhe radiation 
frcm each source is colliinated by the respective reflector. A band 
pass f ilt^ 25 is placed in the path of the radiation produced by 
the first source 21 to allow the transmission of a narrow range of 
frequencies of infra-red radiation centred on a frequency \Mch 
esdiibits an absorption charact^istic in the infra-red absorption 
spectirum of the gas to be detected. The transmitted^ collimated 
beam produced by the first source 21 is hereinafter referred to as 
the sanple beam, de beam from the second source 22, collimated by 
the second off-axis parabolic r^lector 24 inpinges on a reference 
filter 26 inclined at an angle of 45 degrees to the axis of the 
beam. a!he reference filter is similar to the first band pass filter 
and is selected to transmit infra-red radiation of a narrow range of 
frequencies centered on a frequency at which the absorption strength 
by the gas to be detected is a known ratio of the absorption 
strength of the sanple beam. Fbr exanple, this ratio may be zero. 
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The beam emergent fran the reference filter 26 is hereinafter 
referred to as the reference beam. Ohe reference beam is preferably 
centred at a frequency nearby that of the sanple beam so that the 
two beams are similary transmitted and reflected throu^ the optical 
system. 

The reference filter and beam ooanbiner, 26 also acts as a 
reflector to the sairple beam and effectively ooribines the sample 
beam, once reflected, vdth the ref eraice beam into a single 
collimated beam. A beam splitter 27 divides the ccHnbined sample and 
reference beam into a transmitted portion and a reflected portion, 
The transmitted portion inpinges on a third off -axis parabolic 
reflector 28 vMch reflects and focuses this transmitted beam to a 
cattpensation detector 29 located at the focal point of the third 
parabolic reflector 28. 

Alternatively, a non-filtering beam ccnibiner, 37 may be xised in 
conjunction with a reference filter 39 placed in the path of the 
reference beam between the second source 22 and the beam coannbiner 
37. This modification is shown in Figure 2. 

Ohe portion of the ooirbined collimated beam reflected by the beam 
splitter 27 passes normally throu^ a parallel-sided window 30 to 
traverse an optical path 31 through a mixture of gases including the 
gas to be detected. Hie beam emergent from the gas sanple is 
reflected by a retro-reflector 32 to return throu^ the gas sample 
along the optical path 31 and throu^ the vdncJow 30 to the beam 
splitter 37. Hbe return beam is transmitted by the beam splitter 27 
to be focused by a fourth off-axis parabolic reflector 33 to a 
measurement detector 34 located at the focal point of the fourth 
parabolic reflector 33. 

Each of the four off-axis parabolic reflectors 23, 24, 28 & 33 
conprises a reflective coating deposited on a surface of a substrate 
forming part of an qptioal block 35. The mountings for the first 
and second sources 21 & 22/ the band pass filters 25 & 26, the beam 
splitter 27/ the window 30 and the detectors 29 and 34 are 



integrally f omed with the substrate f ornmig part of the qptioal 
block. 

•fliB optical block 35 is solid and, in the present esribodijnent, is 
made of a noulded plastics inaterial. It in^ have any nuntoer of its 
faces noulded as nountings for optical elements or moulded as 
surfaces for reflectors. Hhe remaining faces of the block can be 
separately fonned and attached to the integrally moulded face(s) to 
form a gas-ti^t seal, m arwther esiibodijnent, the satire block is 
an integral moulding. 

The surfaces of the parabolic reflectors 23, 24, 28 and 33 are 
fonned by depositing a layer of a reflective naterial on the 
preformed parabolic shaped faces of the substrate. A suitable 
reflective material is a metal such as aluminium, vAiich provides an 
aco^jtable reflectivity. Ihe deposited metal may be additionally 
coated in a protective layer of, for exanple, magnesium fluoride or 
silicon oxide. 

In the presait enbodiment, the optical block is ccnpletely sealed 
and filled vdth dry air or an inert gas such as nitrogen. It can 
also be fitted with dhaodcal dessicants or chemical absorbers to 
prevent corrosion or oxidation of the reflecting surfaces and to 
remove spectrpsoopic interferaits. 

Only the optical block is filled with dry air or inert gas. Bie 
power si^jply and electronic circuitry are contained in a separate 
part of the instrunent anl are thus easily accessible for 
maintenance. 

3he window 30 is formed of a material ^Mch transmits the 
ref^snce beam and the sample beam with minimom absorption. For 
exanple, in the detection of rosthane, a suitable window material is 
calcium fluoride \*idi is transparait to both the reference beam and 
the sanple beam, characteristically of wawelength 3.0 and 
3.3 urn, respectively. Ohe window ms^ be secured directly to the 
optical block, for example by adhesive. Alternatively, it may be 
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held by clanping lueans vAiich incliade means for producing a gas seal 
between the optical block and the window, for exanple an '0' ring 
seal. 

Ohe length of the optical path 31 throu^ the gas mixture may be 
varied. Uie retroref lector may be integrally formed with the 
instrument. Alternatively it may be separately located to allow for 
a long open optical path 31. For enbodirnents having an integrally 
formed retroreflector, the l^gth of the optical path 31 may be 
altered by mechanical means, such as for exanple spacers or a screw 
mechanism. Ihe adjustiient means are located outside the sealed 
optical block and hence may be easily adjusted without the risk of 
disturbing the inert atmosphere in the block. 13ae adjxjstment 
allows for acooiniTDdation of a range of sensitivities of detection and 
for optimisation of the smsitivity of detection for any one given 
gas. It will also permit the detection of different gases that 
absorb the saiqple beam to different extents. 

The advantage of using a retro reflector 32, such as an array of 
comer cubes, is that the need for accurate alignment of a plane 
mirror reflector at a normal to the canbined oollimated beam is 
avoided. A plane mirror accurately aligned to reflect the 
combined oollimated beam falling normally thereon could of course be 
used instead of a retro-reflector. 

One of the advantages of using an optical source placed at the focal 
point of an off -axis reflector is that small low power sources, 
such as minature filament bulbs, may be used, and the problem of 
countering the heating effect of a larg^ bulb is reduced. 

The first and second sources 21 and 22 are modulated by sequential 
pulsing so that the signals produced by the oortpensator detector 29 and the 
measurement detector 34 can be processed to extract signals 
corresponding to the intensity of the sanple beam and the reference 
beam. The sources are preferably pulsed with a selectable mark to 
space ratio. 
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Die first and second sources may be solid state li^t enitting 
diodes which produce narrow band output centred on the required 
frequency. This type of source has the advantage that the 
associated reference ani sairple filters may be onitted. 
Additionally, this type of source may be pulsed at a hi^ frequency 
to provide irodulation and to inpiove the discrimination against 
background noise in the detected signal. 

Various types of solid state detectors may be used for the 
corrpensation ai^ measurement detectors, chosen for their efficiency 
and response at the particular wav^d^and of operation. The 
COTpensation detector 29 and the ireasurement detector 34 may be 
of the pyroelectric type vAiich respond vmif ormly over a wide 
waveband. One of the advantages of this type of detector is that 
it integrates the energy received in each pulse. It is therefore 
possible to compensate for loss of efficiency, as a result of 
foreign material deposited on the optical surfaces, by varying the 
mark to space ratio of the pulsing of the soiarce to maintain the 
power level sensed at the measuring detector. Its placement at the 
focal point of a parabolic reflector means that a small detector can 
be losed withoiit loss of efficiency. 

Figure 3 shows a further modification of the optical arrangement 
comprising an optical sub-ainrangement consisting of a third 
source 41 placed at the focal point of a fifth of f -axis parabolic 
reflector 42 and a further beam oonbiner 43. Ihe radiation from the 
third source passes throuc^ a third band pass filter 44 to select 
radiation of a narrow range of frequencies centred on, for exanple, 
a frequency \Mch esdiibits an absorption characteristic in the 
absorption spectrum of a second gas to be detected, the second gas 
being in the mixture of gases including the first gas. 
Alternatively, the centre frequency of the third beam could 
correspond to a second characterisitic in the absorption spectrum of 
the first gas to be detected. 

T h ip sub-anrangement is placed in the optical block between the 
reference filter 26 aixi the first beam splitt^ 27 to achieve 
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ccjtibination of the collitnated beam from the fifth parabolic 
reflector 42 with the oooitoined oollimated sanple and reference 
beams. Uie fifth parabolic reflector 42 is similar to the other 
parabolic reflectors and coniarises a reflective coating d^sited on 
a surface of the substrate forming part of the optical block. 
Similarly, the nountings for the third source 41, the third filter 
44 and the further beam ooaiibiner 43 are integrally formed with the 
substrate* 

It will be appreciated that ary nurnber of additional sources, each 
with a band pass filter, to select a predetermined wavd^and, and a 
concave-surfaced reflector to produce a oollimated beam, vMch 
beam is then combined with the combined sanple and reference beam, 
could be used in the gas detector to detect any number of gases or 
to detect a gas by the absorption of any number of characteristic 
absorptions of the gas, by suitable selection of wavdDand frequency. 

The instrument described has relied on the absorption of infra-red 
radiation but it will be appreciated that the concave-surfaced 
reflectors, the retro-reflector, the detectors and the window are 
not wavelength specific and by suitable selection of beam splitters, 
beam conbiners, sources and filters, the optical arrangement is 
suitable for measuring the absorption ty gases, vapours or liquixte 
of radiation of wavelength in the general range of ultra-violet to 
infra-red (from approx. 200 nm to 20000 nm). 



QAIMS 



1. A gas detector incliading an arrangenient of optical elenents 
conprising a first source of electrcaiegnetic radiation at a first 
frequency, a first collimator to oollimate the radiation produced 
the first source into a first oollinated beam, a second source of 
electromagnetic radiation at a second frequency, a second 
collionator to oollimate the radiation produced by the second source 
into a second collinated beam, an beam conbin^ to coannbine the first 
and second oollimated beams, means for passing the ccaxibined 
collimated beam throu^ a sanple of gas to be detected and a 
photosensitive measureroent detector for measuring the intensity of 
the combined beam anergent from the gas sanple. 

2. A gas detector according to claim 1, viierein the detector is of 
the type that selectively measures the intensity of the radiation at 
the first vaveband and the intensity of the radiation at the second 
vaveband. 

3. A gas detector according to any of the above two claims, wherein 
the emission from the first and second sources is modulated. 

4. A gas detector according to any of the above claims, further 
including a coirpensator detector. 

5. A gas detector according to claim 4, further coo^iprising a beam 
splitter positioned in the path of the oonibined collimated beam to 
divide the ir^t beam into tMo output beams, one of ^Mch is passed 
to the oonpensator detector. 

6. A gas detector according to an^ of claims 4 to 5, \Aierein the 
compensator detector is placed at or near the focal point of a 
concave-surfaced reflector. 

7. A gas detector according to ary of the above claims, further 
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including a reflector to reflect the beam emergent from the gas 
sanple back therethrou^ 

8. A gas detector according to claim 6, vjherein the reflector is a 
retro-reflector, 

9. A gas detector according to any of claims 7 to 8^ vAierein the 
reflector is an integral part of the arrangenent of optical 
elements • 

10. A gas detector according to any of claims 7 to 8, vdierein the 
reflector is separate from the arrangeament of optical elanents, 

11. A gas detector according to any of the above claims, v^rein an 
or each collinator ocitprises a concave^surfaced reflector at the 
focal point of viiich is situated the source of radiation to be 
colliirated. 

12. A gas detector according to any of the above claims; vtorein an 
or each source of electromagnetic radiation corrprises a broad band 
soxirce the output of >*iich is passed throu^ an optical band pass 
filter to select a predetermined frequency of radiation before being 
OOTbined at the beam ocxnbiner. 

13. A gas detector according to any of claims 1 to 11, vdaerein an or 
each source of electromagnetic radiation ccxiprises an unfiltered 
source of narrow band width* 

14. A gas detector according to any of claims 1 to 11, \jherein an or 
each source of electxonagnetic radition ooKjarises a li^ emitting 
diode source of narrow band width. 

15. A ^s detector according to any of the claims 1 to 12, viierein an 
or each beam coribiner also acts as a filter to select a 
predetermined waveband of electromagnetic radiation. 

16. A gas detector according to any of the above claims, wherein 
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the first wavdiard is oaitxed aa a frequency which ejdilbits an 

absorption characteristic with the gas to be detected, and the 

second waveband is cattred on a frequency vMch essdiibits a different f 

absorption characteristic with the gas to be detected. 

17. A gas detector according to claim 15, \«djerein the absorption of 
the second wavebani is a lowMn ratio of the absorption of the first 
wavdaand. 

18. A gas detector according to ary of the above claims, ^*erein 
the ptotoseisitive measuranBnt detector is placed at or i»ar the 
focal point of a concave-surfaced r^lector. 

19. A gas detector according to any of claims 6 to 18, vtoerein the 
concavB-surfaced reflector is an off-axis parabolic reflector. 

20. A gas detector according to ary of the above claims, furtha: 
ooniarising a third source of electranagnetic radiation at a third 
frequency, a third collimator to oollimate the radiation of the 
third source into a third collimated beam and means for oonbining 
the third collimated beam.with the conihined collimated beam. 

21. A gas detector according to claim 20, v*ierein the means for 
conbining the third beam with the conbined beam oonprises a beam 
coRbiner. 

22. A gas detector according to any of the above claims, wherein an 
or each optical eleroent in the arrangeament vdiich is not a reflector 
is held by a ncunting vMch is integrally formed with a substrate. 

23. A gas detector according to claim 22 containing a reflector 
viiich is a integral part of the arranganent of optical elements, 
vdierein the reflector is integrally formed with the substrate. 

24. A gas detector according to any of claims 22 to 23 inclviding 
at least one concave-surfaced reflector v4ia:ein an or eadi concave- 
surfaced reflector conprises a reflecting coating deposited on a 
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surface of the substsrate. 

25. A gas detector according to aiy of claims 22 to 24, vterein the 
substrate forms part of a sealable enclosure. 

26. A gas detector acccording to claim 25/ viherein the sealable 
enclosure is sealed and filled with an inert gas, or contains a 
dessicant or oth^ absorb^. 

27. A gas detector oanprising a substrate carrying an arrangonent 
of optical elements including at least one source of electioraagnetic 
radiation and at least one photosensitive detector, viierein 
iTDuntings for q» or nore optical elements are integrally moulded with 
the substrate. 

28. A gas detector according to claim 27, in vAiich the optical 
elements include at least one reflector vMch ocnprises a reflective 
coating deposited on a surface of the substrate. 

29. A gas detector according to claim 28, vdierein the reflective 
coating is a layer of aluminum. 

30. A gas detector according to claim 28 or 29, vdierein the 
relective coating is further coated with a protective layer, such as 
magnesium fluoride or silicon oxide. 

31. A gas detector according to any of claims 27 to 30, wherein the 
substrate is formed from a plastics material. 

32. A gas detector according to any of claims 27 to 31, in vAiich 
the substrate forms a sealed housing for the optical elanents. 

33. A gas detector according to claim 32, in vMch the housing is 
filled with an inert gas or contains a dessicant or other absorber. 

33. A gas detector substantially as hereinafter described with 
reference to the acccarpaiT^ing drawings. 



